Mature dendritic cells (DCs) have the capacity to induce efficient primary T cell response and effector cell differentiation. Thus, these cells are a major tool in the design of various immunotherapeutic protocols. We have tested the capacity of different subsets of matured DCs pulsed with a peptide to induce the differentiation of naive CD8 T cells into memory cells in vivo. Flt3 ligand (FL) induces the differentiation of conventional DCs (cDCs) and plasmacytoid DCs (PDCs) from murine bone marrow precursors in vitro. After maturation, both subsets become strong stimulators of Ag-specific T cell responses in vitro. However, the in vivo T cell stimulatory capacity of these DC subsets has not been studied in detail. In the present study, we demonstrate that mature FL-generated DCs induce efficient peptide-specific CD8 T cell response and memory cell differentiation in vivo. This is mainly due to the cDC subset because the PDC subset induced only a negligible primary CD8 response without detectable levels of memory CD8 T cell differentiation. Thus, in vitro FL-generated mature cDCs, but not 2). The recently identified murine plasmacytoid DCs (PDCs) produce high levels of IFN type I in response to different pathogen-derived stimuli. They can also be distinguished from conventional DCs (cDCs) by their surface phenotype (3-7). Indeed, murine PDCs express B220 and low levels of CD11c but are CD11b
D endritic cells (DCs)
3 play an important role in the primary T cell responses and the generation of effector cells in vivo (1) . It has been demonstrated that DCs are heterogeneous and are constituted of different subpopulations of cells that differ in their origin, phenotype, localization, and function (reviewed in Ref. 2) . The recently identified murine plasmacytoid DCs (PDCs) produce high levels of IFN type I in response to different pathogen-derived stimuli. They can also be distinguished from conventional DCs (cDCs) by their surface phenotype (3) (4) (5) (6) (7) . Indeed, murine PDCs express B220 and low levels of CD11c but are CD11b
Ϫ , whereas cDCs express high levels of CD11c and CD11b but do not express B220 (3) (4) (5) (6) (7) . Both subsets have to go through a process of maturation to be efficient stimulators of an adaptive immune response. Maturation can be triggered by different microbial stimuli interacting with TLRs. Expression of TLRs by different DC subsets is heterogeneous (8) . In humans, TLR4 is only expressed by the cDCs in contrast to TLR9 that is only found on PDCs (9 -11) . In the mouse, these receptors are expressed by both subsets, with cDCs expressing a higher level of TLR4 than PDCs and PDCs expressing a higher level of TLR9 than cDCs (12) (13) (14) (15) . Thus, in mice, PDCs and cDCs should be induced to mature using a single TLR agonist.
The low frequency of some DC subsets has hampered their functional studies. Recently, a Flt3 ligand (FL)-dependent in vitro system has been established, which allows the generation of large numbers of PDCs and cDCs from bone marrow (BM) precursors (12, 16) . This system has allowed a detailed in vitro characterization of both DC subsets with respect to their phenotype, maturation potential, and T cell stimulatory capacity. However, their in vivo CD8 T cell stimulatory potential and their capacity to induce memory CD8 T cell differentiation has not been studied in detail. In particular, the role of PDCs in this process, in vivo, remains highly debatable. To date, most of the studies on murine PDC function have been performed in vitro, using either ex vivo-isolated PDCs or PDCs differentiated from BM precursors. As expected, immature PDCs display a poor T cell stimulatory potential, whereas virus-or CpG-matured PDCs gain a substantial capacity to stimulate the proliferation of allogeneic or naive transgenic T cells in vitro (12, 13, 15, (17) (18) (19) (20) (21) . However, a recent report (22) describes the generation of regulatory CD4 T cells following stimulation with CpG-matured PDCs, suggesting a role for mature PDCs in the establishment of immunological tolerance. The T cell stimulatory potential of PDCs in vivo remains less clear. Krug et al. (23) recently demonstrated that after in vivo viral stimulation PDCs failed to stimulate strong proliferation of naive T cells while being able to stimulate Ag-primed T cells in vivo. Salio et al. (24) reported that CpG-matured PDCs can prime only CD8 T cells specific for endogenous but not exogenous Ags in vivo.
We have studied the capacity of in vitro FL-generated BM-derived DC (BMDC) subsets pulsed with a peptide to induce the differentiation of effector and memory CD8 T cells in vivo. DCs were matured using either LPS or CpG that bind TLR4 or TLR9, respectively. We show that unsorted FL-differentiated DCs matured with CpG or LPS and pulsed with a peptide induce the development of a primary CD8 response and the differentiation of memory CD8 T cells in vivo.
Although CpG induced the maturation of both DC subsets, the generation of memory cells was mainly due to the cDC subset.
Materials and Methods

Mice
F5 TCR-transgenic mice are a gift from Dr. D. Kioussis (National Institute for Medical Research, London, U.K.). CD8 T cells from F5 mice express a TCR recognizing a 9-aa peptide (NP68) from influenza A virus nucleoprotein (aa 366 -374, ASNENMDAM) in the context of H-2D b MHC class I molecule. C57BL/10 mice were purchased from Iffa Credo. All mice were bred at the institute's animal facility (Plateau de Biologie Expérimentale de la Souris-Ecole Normale Supérieure de Lyon) under pathogen-free conditions. For all experiments, 6-to 8-wk-old mice were used.
CFSE labeling and adoptive transfer
Lymph node and spleen cells from F5 TCR-transgenic mice were pooled and incubated at 3 ϫ 10 7 cells/ml with 10 M CFSE (Molecular Probes) at 37°C for 10 min. Cells were then washed once with ice-cold DMEM (Invitrogen Life Technologies) containing 6% FBS (Invitrogen Life Technologies), followed by two more washes in PBS (Invitrogen Life Technologies). Each C57BL/10-recipient mouse received a total of 3 ϫ 10 6 CFSElabeled CD8
ϩ F5 TCR-transgenic T cells by i.v. injection.
Generation of BMDCs
BM cells were flushed from the tibias and femurs of C57BL/10 mice with culture medium composed of RPMI 1640 medium (Invitrogen Life Technologies) supplemented with 10% heat-inactivated FBS (Invitrogen Life Technologies), 2 mM L-glutamine (Invitrogen Life Technologies), 50 M 2-ME (Sigma-Aldrich), 10 mM HEPES buffer (pH 7.4) (Invitrogen Life Technologies), and 50 g/ml gentamicin (Invitrogen Life Technologies). After one centrifugation, BM cells were resuspended in Tris-ammonium chloride for 2 min to lyse RBC. After one more centrifugation, BM cells were cultured for 9 days at 1 ϫ 10 6 cells/ml in culture medium supplemented with 200 ng/ml recombinant human FL (provided by Amgen) in 6-well plates (Costar Corning). Cultures were incubated at 37°C in 7% CO 2 -humidified atmosphere. The surface phenotype of the DCs we generated was identical to the detailed phenotype described by others (12) . Peptide pulse and activation of DCs were performed at day 8 of the culture by the addition of 1 M NP68 peptide (Dr. D. Ficheux, Institut de Biologie et Chimie de Proteines, Lyon, France) and 250 ng/ml LPS from Salmonella minnesota (Sigma-Aldrich) or 2 g/ml phosphorothioate-modified oligodeoxynucleotides containing CpG motifs 1826 (Eurogentec) for the last 17-20 h of the culture.
DC phenotyping and sorting
Day 9 DCs were harvested from the plates by vigorous pipetting followed by washing each well twice with room temperature PBS without Ca 
Immunization protocol
Flow cytometric analysis of in vivo CD8 T cell responses
Spleen and lymph node cells (pool of mesenteric, inguinal, axillar, and brachial lymph nodes) from C57BL/10 recipient mice were collected at different times after immunization and stained with anti-CD8 CyChrome (clone 53-6.7) in combination with anti-CD44 PE (IM7), anti-CD122 PE (TM-␤1), anti-Ly6C biotin (AL-21), or anti-CD62L biotin (MEL-14) at 4°C for 20 min in FACS stain buffer. To reveal bound anti-Ly6C-and anti-CD62L-biotinylated Abs, cells were washed and incubated with streptavidin-PE (Caltag Laboratories) at 4°C for 20 min. For intracellular cytokine staining, 5 ϫ 10 6 lymph node cells or spleen cells from C57BL/ 10-recipient mice were incubated in 96-well plates with 0.67 l/ml GolgiStop (BD Pharmingen) in the presence or absence of 10 nM NP68 peptide for 6 h. At the end of the incubation period, surface staining with CD8-CyChrome was performed for 20 min at 4°C. After one wash in FACS stain buffer, cells were permeabilized for 20 min in Cytofix-Cytoperm solution (BD Pharmingen) and washed with PermWash buffer (BD Pharmingen). Anti-IFN-␥ Ab (clone XMG 1.2) was added to permeabilized cells for 30 min at 4°C. After one more wash in PermWash buffer, cells were resuspended in buffer for flow cytometric analysis. Cells were analyzed on a FACSCalibur flow cytometer (BD Biosciences). All Abs were purchased from BD Pharmingen. Memory CD8 T cells have been detected with the aid of NP68-H-2D b multimers purchased from ProImmune Limited. The tetramer staining was performed for 1 h at 4°C in FACS stain buffer. The number of F5 CD8 T cells was calculated using the percentage of CFSE ϩ F5 CD8 T cells (primary response) or tetramer-positive F5 CD8 T cells (memory phase) and the total cell number found in the lymph nodes or spleens of the mice using the following formula (total number of viable cells ϫ percentage of CFSE-or tetramer-positive F5 CD8 T cells).
In vivo cytotoxic assay
This assay was performed as described previously (25) . Briefly, targets were prepared from C57BL/10 splenocytes. Splenocyte suspension was divided into two populations. One population was pulsed with 1 M NP68 peptide for 90 min at 37°C, washed extensively, and labeled with a high CFSE concentration (10 M). The control population was incubated without peptide for 90 min at 37°C, washed, and labeled with a low CFSE concentration (1 M). Cells were resuspended at 1 ϫ 10 8 /ml, and equal volumes of peptide-pulsed CFSE high and CFSE low cells were mixed together. A total of 2 ϫ 10 7 CFSE-labeled cells was injected i.v. into C57BL/10 mice previously transferred with F5 cells and immunized with peptide-pulsed sorted or nonsorted DCs. After 12 h, mice were killed, and spleens and lymph nodes were analyzed by flow cytometry for the proportion of CFSE-labeled target cells. The two target populations were distinguished by their different CFSE fluorescence levels. Two parameters were used to evaluate the in vivo cytotoxic activity of CD8 T cells. The ratio between peptide-pulsed targets and control targets (ratio ϭ percentage of CFSE high :percentage of CFSE low ) and the percentage of specific lysis that normalized the cytolytic activity between immunized and nonimmunized mice. The specific lysis was calculated by the following formula: percentage of specific lysis ϭ (1 Ϫ ratio immunized:ratio nonimmunized) ϫ 100.
Statistical analysis
We used a two-tailed unpaired t test to analyze the significance of the differences described in the different experimental conditions as indicated in the figures.
Results
Two DC subsets with different maturation potential are generated in vitro in the presence of FL
Based on the expression of B220 and CD11b, FL-generated DCs can be divided into two subsets (12) . The CD11c ϩ B220 ϩ have a surface phenotype similar to PDCs, and the CD11c ϩ B220 Ϫ are similar to cDCs (12, 18) . To monitor the maturation of these cells following overnight incubation with LPS or CpG, we have measured the expression of different costimulatory molecules on their surface. Without activation, PDCs showed an immature phenotype with low levels of MHC class II and costimulatory molecules (CD80, CD86, and CD40) expression, whereas cDCs showed a more mature phenotype based on the expression level (mean fluorescence intensity (MFI)) of the same markers (Fig. 1A) . LPS or CpG treatments did not affect the expression of CD11c, CD11b, or B220 by the BMDCs (data not shown). As expected, LPS activated predominantly cDCs, all markers being up-regulated significantly, while it had little effect on the phenotype of PDCs. Indeed, PDCs from FL-generated BMDCs that matured in these conditions did mainly up-regulate CD80 and CD86 (4-to 6-fold MFI increase), with class II and CD40 being only weakly up-regulated (2-fold MFI increase; Fig. 1B ). In contrast, CpG treatment led to the activation of both DC subsets (Fig. 1A) . Although the level of costimulatory molecules reached following maturation with CpG was always higher on cDCs, there was a significant increase of all markers at the surface of PDCs as reflected by the MFI fold increase (Fig. 1B) .
Based on costimulatory molecule expression levels, LPS induced a stronger maturation of cDCs than CpG (Fig. 1B) . In conclusion, CpG induces the maturation of both DC subsets, whereas LPS has a stronger maturation effect on cDCs than on PDCs.
Immunization with mature FL-generated DCs induces efficient primary CD8 T cell responses in vivo
In a first series of experiments, we have investigated the capacity of total FL-differentiated DCs to induce CD8 T cell activation and effector differentiation in vivo. For this purpose, we have used an adoptive transfer system where CD8 F5 TCR-transgenic cells (specific for the NP68 peptide) are grafted into normal syngeneic C57BL/10 mice. DCs pulsed with NP68 peptide were then used to prime F5 CD8 T cells in vivo. CFSE labeling of F5 cells was used to monitor the surface phenotype and proliferation of these cells. After one immunization with mature DCs, a substantial fraction (Ͼ50%) of the transferred F5 CD8 T cells proliferated (Fig. 2, A  and B) . CD8 T cells performed the same number of divisions after immunization, irrespective of the nature of the maturing agent (CpG or LPS) (Fig. 2A) . No proliferation was detected in the absence of DC immunization ( Fig. 2A) . Interestingly, nonmatured DCs, i.e., DCs that had not been stimulated with a TLR agonist in vitro, always induced a low level of CD8 T cell proliferation (Fig.  2, A and B) . However, the number of CD8 T cells having performed at least one division was always greater with matured DCs. LPS-matured DCs were always more potent than CpG-matured ones (Fig. 2B) . Thus, immunization with mature FL-generated DCs induced a significant CD8 T cell proliferation in vivo.
We also monitored the expression of activation markers on the surface of CD8 T cells in parallel to their division profile. CD8 T cells activated with CpG-or LPS-matured DCs showed a cell division-associated up-regulation of CD44 and Ly6C and became CD122 ϩ , whereas CD62L was partially down-regulated (Fig. 2C) . The small fraction of CD8 T cells activated by nonmatured DCs showed the same pattern of surface marker changes as CD8 T cells activated with mature DCs (Fig. 2C) .
The capacity of FL-generated DCs to induce IFN-␥ production and cytotoxic function of transferred CD8 T cells was also measured. A small fraction of IFN-␥ producing CD8 T cells was generated in mice injected with nonmatured DCs (Fig. 3, A and B) , suggesting that some spontaneously matured DCs are able to induce the differentiation of naive CD8 T cells into IFN-␥ producers. However, LPS-or CpG-matured DCs were able to induce the differentiation of greater numbers of IFN-␥-producing effector cells (Fig. 3A) . The frequency of IFN-␥-producing CD8 T cells was not significantly different following immunization with LPS-or CpGmatured DCs ( p ϭ 0.33) (Fig. 3B) .
The cytotoxic capacity of CD8 T cells was assayed in vivo against syngeneic peptide-pulsed C57BL/10 splenocyte targets as explained in Materials and Methods. CD8 T cells primed with mature DCs efficiently lysed peptide-pulsed syngeneic splenocytes (Fig. 3C) . Nonmatured DCs were able to induce some CD8-cytotoxic function, whereas no significant level of cytotoxicity was detected in nonimmunized mice (Fig. 3, C and D) . Collectively, these data demonstrate that mature FL-generated DCs are able to induce proliferation and effector function development of Ag-specific naive CD8 T cells in vivo.
In vivo CD8 T cell stimulatory capacity of cDCs and PDCs
The capacity to prime Ag-specific CD8 T cells in vivo was then studied for each DC subset. To do this, we have sorted PDCs and cDCs on the basis of their phenotype as explained in Materials and Methods. C57BL/10 mice transferred with CFSE-labeled F5 CD8 T cells were injected with an equal number of sorted PDC or cDC cells. The proliferation and the effector functions developed by the T cells following DC priming was then measured in vivo. Three days after priming, the number of divisions performed by activated CD8 T cells was identical whether they had been primed with one or the other DC subset (Fig. 4A) . However, the number of CD8 T cells having proliferated following immunization with mature PDCs was much lower than following immunization with mature cDCs (Fig. 4B) . This was true whether FL-generated DCs were matured with LPS or CpG. cDCs activated with LPS showed more potent stimulatory capacity than when activated with CpG (Fig.  4B) . Nonmatured cDCs elicited minimal proliferation of CD8 T cells, whereas nonmatured PDCs never induced any detectable CD8 T cell proliferation (Fig. 4, A and B) . These results suggest that the capacity of unsorted FL-generated DCs to induce CD8 proliferation in vivo is mainly due to the cDC subset.
We also measured the expression of activation markers on the surface of CD8 T cells following immunization with cDCs or PDCs. The levels of the surface markers expressed by CD8 T cells that have entered proliferation were similar following all immunization conditions tested, suggesting that the maturation conditions of DCs or the subset do not influence the expression of these markers by CD8 T cells in vivo (Fig. 4C) .
The capacity of each DC subset to induce the production of IFN-␥ by CD8 T cells that had divided was then tested. cDCs matured with LPS or CpG induced a similar proportion of IFN-␥-producing CD8 T cells (Fig. 5) . When DCs were matured with CpG, the proportion of IFN-␥-producing CD8 T cells among the cells that had entered cell division was similar for both subsets of DCs (Fig. 5) . These results suggest that PDCs and cDCs matured with CpG have the capacity to induce the differentiation of CD8 T cells into IFN-␥-producing effectors. However, as the number of CD8 T cells that had divided in response to PDCs was low, the IFN-␥ response induced by PDCs was weak compared with the one induced by cDCs. Furthermore, following LPS maturation, the proportion of cells producing IFN-␥ was much lower when PDCs were used for priming when compared with cDCs. This proportion was similar to the one obtained using nonmatured cDCs. In conclusion, overall, cDCs were more potent inducers of IFN-␥ than PDCs because of the higher number of CD8 T cells that have proliferated.
cDCs but not PDCs are able to induce the differentiation of memory CD8 T cells in vivo
We next tested the capacity of total FL-differentiated DCs and sorted DC subsets to induce the differentiation of memory CD8 T cells in vivo. Because CpG was able to induce the maturation of both DC subsets, it was used in these experiments to induce the maturation of total FL-differentiated DCs. We first measured the survival of F5 CD8 T cells 60 days after immunization with total FL-generated DCs. Tetramer and IFN-␥ staining were performed on the spleen and lymph node cell suspensions from CD8-transferred C57BL/10-recipient mice. As indicated on Fig. 6A , the frequency of tetramer-positive cells was four times higher in DCimmunized mice when compared with nonimmunized controls. In DC-immunized mice, a significant proportion (ϳ80%) of tetramerbinding cells was also able to produce IFN-␥ after a brief in vitro restimulation with NP68 peptide, whereas a very low frequency of IFN-␥-producing cells was detected among CD8 T cells from nonimmunized mice (Fig. 6, A and B) . In addition to their capacity to produce IFN-␥, CD8 T cells from DC-injected mice showed a typical memory phenotype as compared with nonimmunized controls (Fig. 6C) . Thus, one immunization with CpG-matured FLgenerated DCs was sufficient to induce the differentiation of memory CD8 T cells in vivo.
The capacity of CpG-matured cDCs and PDCs to induce the differentiation of memory CD8 T cells in vivo 60 days after priming was next tested. Immunization with CpG-matured cDCs induced a 4-fold increase in the number of tetramer-positive cells compared with the nonimmunized control (Fig. 7, A and B) . Most of these cells produced IFN-␥ and showed a typical memory phenotype ( Fig. 7A and data not shown) . The same number of tetramer-positive cells was found in PDC-immunized and in nonimmunized mice (Fig. 7, A and B) . In addition, these cells did not produce IFN-␥ when restimulated with a peptide in vitro and conserved their naive phenotype (Fig. 7A and data not shown) . In conclusion, in vivo, memory CD8 T cell differentiation is mainly driven by cDCs but not PDCs.
Discussion
In this article, we show that FL-generated, matured, and peptidepulsed murine DCs are able to efficiently prime naive CD8 T cells and to induce memory CD8 T cell differentiation in vivo. We also demonstrated that only mature cDCs but not mature PDCs were able to efficiently prime naive peptide-specific CD8 T cells in vivo and to induce the differentiation of memory CD8 T cells. Thus, among FLgenerated DCs, cDCs are the main subset able to activate peptidespecific CD8 T cells and to induce the development of an efficient protective immunity through the generation of memory cells.
In our system, mature PDCs were inefficient in stimulating the proliferation and effector functions of Ag-specific CD8 T cells in vivo when compared with cDCs. Although, PDCs were able to up-regulate significantly most of the costimulatory molecules in response to CpG oligodeoxynucleotides, the level of expression of these molecules remained always lower when compared with that of cDCs. Thus, at least in part, the lower stimulatory capacity of PDCs could be due to the lower level of costimulatory molecules that are expressed on their surface.
We found that more CD8 T cells were able to enter into proliferation when activated with mature cDCs than with PDCs. However, the number of divisions as well as the pattern of activation markers expressed by CD8 T cells was identical, following stimulation with PDCs or cDCs. Moreover, we found a similar proportion of IFN-␥-producing cells among the CD8 T cells that had entered division when these cells were stimulated with CpG-matured cDCs or PDCs. Thus, in our system, PDCs and cDCs showed a quantitative but not qualitative difference in their potential to prime CD8 proliferation and cytokine production, suggesting that other factors could be responsible for the low frequency of cells that are activated by PDCs. The weak CD8 stimulation observed with mature PDCs could result from regulatory T cell-mediated inhibition.
It was reported that immature PDCs can induce the differentiation of regulatory CD8 or CD4 T cells with suppressor function (17, 22, 26 -29) . However, in our experimental setting, this seems unlikely because cDCs demonstrated an equal CD8 T cell stimulatory capacity whether injected alone or in combination with PDCs.
In our experiments, cDCs matured with LPS showed a better stimulatory capacity than when matured with CpG. These data correlated well with the reported TLR expression pattern of these cells (12, 15) . The maturation of cDCs by CpG could be explained by the direct stimulation of cDCs by CpG (a low level of TLR9 expression by murine cDCs was reported (12)) or alternatively by the existence of a "cross-talk" between activated PDCs and cDCs in vitro (15) . Indeed, PDCs following CpG maturation produce type I IFN that could participate in the activation of cDCs. The contribution of PDCs in the process of cDC activation could be evaluated by maturating cDCs in the absence of PDCs. However, cDCs already show a partially mature phenotype in the experimental conditions we have used (i.e., 8 days of differentiation, followed by overnight peptide pulsing without changing the culture well, followed by FACS sorting). We have observed that this maturation is further increased if cells are first purified, then replated for maturation, making it difficult to assess the contribution to maturation of different TLR agonists. The cross-talk between different DC subsets following TLR-induced maturation could be tested using in vivo FL-generated DCs. These cells can be generated in large numbers and have an immature phenotype. We are currently comparing the phenotype of the DC subsets generated with FL in vitro vs in vivo.
One important difference that we found between PDCs and cDCs is their capacity to induce peptide-specific memory CD8 T cell differentiation in vivo. In our immunization conditions, we were not able to detect peptide-specific CD8 T cells with memory phenotype after peptide-pulsed PDC injection. This could result either from the low primary expansion induced by PDCs (30) or alternatively by the lack of some costimulatory signals that would be important for the differentiation into memory cells but not into effector cells. In a recent work, Schlecht et al. (31) underscored the importance of the maturation signals for CD8 T cell stimulatory capacity of PDCs. Thus, peptide-pulsed PDCs matured in vivo with CpG were not able to induce efficient CD8 T cell responses nor memory differentiation, which is in agreement with our results. However, influenza virus-activated PDCs induced an efficient primary response and memory CD8 T cell development in vivo.
The importance of the maturation status of DCs for the induction of an immune response was underscored in a recent report (32) describing the use of FL for a therapeutic treatment of cancer patients. FL injections led to an increase in the number of circulating DCs (32) . However, these DCs were partially activated and failed to induce an immune response in cancer patients. Thus, additional factors are needed to induce DCs that can efficiently stimulate the immune system. In this context, ex vivo isolation and appropriate maturation and peptide pulsing of FL-generated DCs could serve as a powerful tool for DC-based immunotherapy of cancer patients. In our experiments, we found that the CD8 T cell stimulatory capacity of peptide-pulsed FL-generated DCs is mainly associated with the cDC subset. We also show that PDCs are neither good stimulators nor inhibitors of this response. Thus, a protective CD8 T cell immunity against a given antigenic peptide could be attained using separated cDC or total DC cultures, pulsed with a peptide, and matured with appropriate TLR agonist(s). These data could be of use when designing efficient immunotherapy protocols.
